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Abstract-This paper depicts the actual variation of gate-induced-drain-leakage current with impurity doping concentration by complete qualitative and quantitative approach. De Casteljau's algorithm is applied to describe the band-to-band tunneling in a thin gate oxide n-MOSFET and the results are remarkably matched. Moreover for the very first time, the dependency of the leakage current over impurity density in the MOSFET drain region is explained in the context of pure geometrical approach. Surprisingly one of the proportionality constant exactly behaves like impurity gradient which results same characteristics as MOSFET Drain impurity doping profile measured using 2D simulator.
Index Terms-Leakage Current, GIDL, Band-to-Band Tunneling, Impurity doping concentration, Impurity Gradient.
I. INTRODUCTION
RAIN Induced Gate Leakage is observed when gate overlaps drain in deep sub-micron. This phenomenon is the one of the most significant leakage mechanism which acts like a dead end in the journey of VLSI MOSFET scaling as well as lead to device breakdown sometimes. This adverse effect was frequently noticed in DRAM trench transistor cells [1] . Moreover, this mysterious leakage current was also popped up in the case of discharging of storage node and EEPROM memory cells with FETMOS structure. J. Chen and his team observed this leakage phenomenon while experimenting the I D -V DG sub threshold characteristics for a 88 Ǻ gate-oxide in n-mos [2] . Kuo-Feng, Ching-Yuan Wu, Ja-Hao Chen, Shyh-Chyi Wong and Yeong-Her Wang contributed various innovative theoretical models to predict the behavior of this leakage current and the results were well matched with the experiment. At last the hard work of Xiaoshi Jin, Xi Liu and Jong-Ho Lee designed an almost error free model [5] by calculating the net magnitude of involved electric field. Another well acceptable electric field expression for GIDL current using work function engineering calculated . Interestingly both of the breakdown mechanism -Avalanche and Zener are dominating in very low and very high doping concentration respectively. Thus a trade-off is occurred between suppression of leakage mechanism and breakdown phenomenon. Due to this fact a close study regarding the dependency of I GIDL over impurity doping is essential and this paper serves us exactly the same.
II. GIDL MECHANISM
When MOSFET is scaled down significantly in sub-micron range Gate overlaps the drain region and an OxideSemiconductor contact is arisen in the context of reverse bias. With further increase of external voltage the existed depletion region surrounded over the drain is penetrated into the drain and a band bending is introduced. If this band bending exceeds the Si band gap the electrons participating in covalent bond is torn out and electron-hole pair is generated. This generated electron-hole pair introduces band-to-band tunneling and results GIDL current. For higher impurity doping concentration the penetration of depletion region into drain is prevented and after a critical value the drain becomes impenetrable and I GIDL is suppressed. On the other hand if impurity doping concentration is too low the depletion widths and tunneling barrier is too wide to produce I GIDL . To make this leakage mechanism concept compatible to our proposed model we have to think in a slightly different approach. There are two main function which controls I GIDL generation: first one is band to band tunneling width and the second one is rate of electron-hole generation. It is evident that Impurity doping concentration is inversely and directly proportional to the first and second factor respectively. Figure-1 explains the details of GIDL phenomenon and dependency of impurity doping concentration. 
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III. MODEL DEVELOPMENT
The axes are set as shown in Figure- 
(1) 
= ln
The validity of the proposed tunneling probability expression is guaranteed by the following plots (Fig-3a and Fig-3b) where T is varied with incoming Electron energy and tunneling width. Now from Fig-2b we have two boundary conditions:
Now by solving equation (2), (4) and (5) we can get the expressions for in terms of λ and E g .Now the normalized tunnel length is = ( , ) = − . The dependency of this length on incoming electron energy and λ is shown in Fig3. As λ increases the variation of tunnel length decreases more rapidly (Fig:3c) with the increase of electron energy which is matched with diagram of Fig 2 and in other word it can be said that electrons with higher potential energy will have to tunnel a longer path (fig: 3d) . From base of these results we can ensure that our tunneling model is totally valid. The resultant current density can be related to transmission probability as following, Where m 0 is the rest mass of electron, ђ is reduced plank constant and A d is the effective area. f v and f c are probability distribution function of valence and conduction band respectively. By assuming valence band full of electrons and conduction band with no electron we can put f v =1 and f c =0. Figure 4 (a) explained that electron-hole pair generation is decreases with N d increases and after band-bending falls below 2.1eV generation will stop and from Figure-4 (b) it is clear that electron energy level and tunnel length are inversely proportional and the degree of dependency is controlled by λ which is also inversely proportional with N d .
IV. EFFECT OF IMPURITY DOPING CONCENTRATION
To understand the effect of increasing of doping concentration we have to take a close look of fig: where the area ABCD is decreased with band bending which strongly dependent on impurity doping. By integrating the potential barrier (v2) curve with respect to x we can extract the value of area which has the physical interpretation of nothing but applied electric field. (1) it is also clear that N d and λ are inversely proportional as assumed previously. In equation (7) if V b approaches to E g effect of electric field is reduced which results less I GIDL for low impurity doping concentration as mentioned in theory. Thus our model explains almost each and every background theory in geometrical way and also approximately matched with the previous model as shown in fig-5 and only one fitting parameter is used. In a nutshell the proposed model is well acceptable and has a right to claim novelty for the uniqueness.
VI. CONCLUSION
The dependency of leakage current upon impurity doping concentration is explained both analytically and physically in details. Results of the proposed model and drain impurity doping profile are approximately matched with the previous model. Thus obviously x and y axis denotes distance (in micro order) and energy level (in eV order) respectively. Thus either y 3 or Ay 3 appears in denominator and the numerator contains x or x axis related terms the factor can be easily neglected. λ Proportionality Constant 0 to 1 Impurity Gradient 10
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